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A B S T R A C T 
 
There is no doubt that climate change has started. It is very important to make effort in 
developing impact analyses and adaptation strategies. First we were investigated how the 
production risk of winter barley is changing with time using the E,V efficiency criterion. 
Based on the regional yearly production data of the crop, we can conclude that beside 
other non-climatic effects, the changing climate has considerable impact on crops yield; 
its variability is increasing with the variability of meteorological parameters. We have 
used production data from 1951 to nowadays. Next, using comparison analyses for 
climate scenarios, we predict what we can expect in the future. For detecting the reasons 
of risk increase in the past, and forecasting the potential main points of future risk we 
have analysed statistically whether the climate needs of winter barley will be satisfied or 
not in its important periods of growing. Frequency calculations were made based on the 
daily meteorological data. The situation doesn’t show big change, but It is no doubt that 
the anomalies of the indicators have been becoming more and more frequent. The more 
frequent the extreme weather events are, the more we can be convinced of uncertainty. 
1. Introduction 
It is evident that climate is changing nowadays. In Hungary, results show that we must count with 
increasing temperature and decreasing precipitation (Bartholy, 2007). The possible future climate – as it is 
predicted by the scenarios – would be similar to the present climate of South-Southeast Europe (Gaál and 
Horváth, 2006). Rising temperatures may allow earlier sowing dates, enhance crop growth and increase 
potential crop yield. On the other hand, rising temperatures increase the water demand of crops. In 
addition, extreme weather events such as droughts and floods have increased, which implicates many 
serious problems in agriculture. Thinking of sustainability we face several decision problems, so analysing 
the impacts of change and finding the possible adaptation response are needed to be investigated. Crop 
yield is influenced by many biotic and abiotic factors. Observing long time series of production data, 
change in trend can be seen, because of the changing cropping technologies. There are many results of 
how the quality and quantity could change depending on different nutrition supply (Szalay, D. et al., 2006, 
Szalay D. K. et al., 2009), or other agrotechnical elements (Hornok, 2008). It is possible to eliminate the 
trend and investigate the possible reasons of yield variation, which is mostly depending on meteorological 
circumstances. Climate and its change determine agricultural production in many ways (Olesen and Bindi, 
2002, Jolánkai, 2005). Having regional climate models it is possible to analyse interactions of these 
factors with meteorological circumstances, as well (Márton, 2008, Pepó, 2009). In order to prepare for the 
future adaptation strategies are very much needed (Láng et al, 2004), so it is important to analyse the 
impacts of the probable change. In this work first we have analysed the changing winter barley yield for 
the 1951-2005 period. For making the production data comparable, we have eliminated the trend effects 
by using the Phillips method (Hardaker et al, 2004). Based on the first order stochastic dominance and E-
V efficiency criterion we can conclude that production risk has increased even in 1951-90 and that the 
situation became worse after that period of time in all of the observed regions. Next we have analysed 
statistically whether the climate needs of the crop will be satisfied or not in its important growing periods, 
and how does the frequency of extreme weather events of its development change. We made our 
conclusions using comparison analyses of different climate scenarios and their reference period 1961-90.  
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2. Materials and methods 
2.1. Climate needs of winter wheat and its phases of development 
Climate change impact can be very different in different phenological phases of the plant. With 
appropriate agrotechnical interventions we can control and avoid the negative effects of the 
meteorological circumstances. The most important periods of plant development were defined according 
to Z. Varga-Haszonits (1987): we analyzed the sowing-emergence phenological phase, the stem 
elongation – spikelet initiation period and the anthesis-grain filling phenological phase. The climate 
scenarios show great variability in the frequency of the extreme temperature values.  
2.2. Climate description of the research location and the weather data 
Production risk analyses have three important locations for winter barley: Győr-Moson-Sopron 
County, Baranya County from the middle of the country and Hajdú-Bihar County. The case studies for 
climate change impact analyses are presented for Debrecen region, comparing the results for different 
climate change scenarios. We have choosed this region, because the results are very similar to all the 
observed locations. This is a very important region in agricultural production and the climate scenarios for 
later investigations are available for this region only at the moment. Our case study showed that the sum 
of the temperature averages increases by time in the past and the scenarios predict even more drastic 
increase.  
Climate scenarios can be defined as relevant and adequate patterns of the climate characteristics in the 
future (Downing et al, 2000). During our research we used some of the most widely accepted scenarios 
presented in international reports. The numbers in names of the scenarios denote the time interval they are 
generated for. We used the climate models of two meteorological institutes downscaled to Debrecen: 
scenarios GFDL2535 and GFDL5564 have been created by Geophysical Fluid Dynamics Laboratory 
(USA), UKHI and UKLO representing the drastic change for the end of the century, and UKTR3140 
(transient) worked out by United Kingdom Meteorological Office (UKMO), with the scenario BASE6190 
which is the base of scenarios, with the parameters of the past years. 
To highlight the trends of climate change in the observed region we present the monthly average 
temperature and precipitation changes indicated for it in Table 1 and Table 2 (Erdélyi et al., 2009), 
comparing the data of the UKTR and GFDL scenarios and their reference period 1961-90.  
Table 1. Temperature changes indicated by different scenarios, monthly average data, Debrecen 
Temperature 
(°C) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 
1961-1990 -2,6 0,2 5,1 10,7 15,8 18,7 20,3 19,6 15,8 10,3 4,5 -0,2 
UKTR 1,3 4,3 5,6 12,4 16,1 19,6 21,3 21,6 18,7 12,8 6,9 -0,8 
GFD5564 0,3 0,7 7,7 13,2 17,0 20,3 21,9 21,3 20,4 12,8 7,8 1,8 
GFDL2534 -0,8 -0,6 6,4 11,4 15,7 19,7 21,7 20,8 17,9 12,5 4,5 -1,1 
Table 2. Precipitation changes indicated by different scenarios, monthly average data, Debrecen 
Precipitation 
(mm) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 
1961-1990 37 30 34 42 59 80 65 61 38 31 45 44 
UKTR 53 27 32 48 64 50 50 42 19 27 31 57 
GFD5564 47 30 34 65 60 67 78 49 26 37 27 47 
GFDL2534 52 27 51 55 48 55 46 44 32 28 33 54 
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Comparing the sums of precipitation we could see a slow decrease of the accumulated precipitation 
amounts; the scenarios predict slightly smaller values in the future. This might be good for winter crops, 
because its yield grows with less precipitation in some periods of growing. But analyzing the observed and 
the future weather using climate scenarios we see a great variability in the amount of the precipitation. 
This means that the increase of the frequencies of extreme weather events such as droughts and floods is 
more probable. We intended to learn, what climate scenarios predict for the important growing periods of 
winter barley.  
2.3. The KKT Climate Research Database Management Software and the production data 
In order to collect, organize, manage and search databases for climate change research in a friendly 
way a special data management system was needed. An indicator-search software KKT has been 
developed at Corvinus University of Budapest, Department of Mathematics and Informatics (Szenteleki et 
al, 2007). Frequency calculations were made with the help of this program using the daily precipitation 
and temperature data forecasted by climate scenarios. Using the KKT Software we can calculate the 
number of the years when the needs of the plant are satisfied (or when not) and it can give us information 
about climate change indices, as well. These results can give us information for predicting extreme 
conditions. 
Beside the meteorological databases, it contains the crop production data we used for risk analyses. 
The production data are from the Agricultural and Environmental Statistics Department of the Hungarian 
Central Statistical Office (KSH) for all counties, for the time interval 1951-2005. 
2.4. A new stochastic efficiency method for detection of the production risk 
For analysing the production risk, the data of the Hungarian regional yearly crop results were applied. 
The yield data were fitted by regression. Then they were corrected with the help of Phillips-method in 
order to make them comparable. The climate scenarios are given for different time intervals as 
independent patterns and not as time series, so for comparison we have used distribution functions and the 
first order stochastic dominance criterion based on the subjective distribution functions and also the E,V –
 efficiency criterion were considered (Ladányi, 2007, Ladányi and Erdélyi, 2008). 
3. Results and discussion 
The first step of our research was to examine the production data of winter barley by analysing how the 
production risk has changed with time. The next step was to study the climatic needs of the plant through 
the most important periods of its development. In this work results are shown for Hajdú-Bihar county. 
3.1. Risk analysis 
The observed time interval was 1951-2005, which was split into five twenty-year intervals for the later 
analysis (1951-70, 1961-80, 1971-90, 1981-2000 and 1986-2005). Observing the graphs of yield we can 
recognize that beside the yield loss caused by the Hungarian political situation at the end of the eighties, 
the deviation of the yield started to become greater yet at the beginning of the eighties (Figure 1).  
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Figure 1. Winter barley production data (left) and the comparable yield (right) 
in Hajdú-Bihar county, 1951-2005 
Next the subjective distribution functions are defined for the five times twenty years (Figure 2). 
Comparing the first three (1951-70, 1961-80, 1971-90) and last two (1981-2000, 1986-2005) time 
intervals, applying the stochastic efficiency criterion we proved that the risk of barley production has 
increased. The most evident risk increase was in the last two time intervals for this crop. The same was 
observed for all three chosen counties. The last two time slices has the widest range, which means the 
highest uncertainty. The same can be proved with the E,V -efficiency method (while the expectation was 
decreasing, the deviation was increasing). In every case we got that the situations become worse with time 
(Figure 2). This holds also for the other two research locations. 
 
 
Figure 2. The first order stochastic dominance criterion (left) and the E-V efficiency (right) for   
analysing the winter barley production risk increase in time, 1951-2005 
 
3.2. Climate needs of winter wheat through its phenological phases  
Quite high risk increase of production was detected, which gives us many questions. So next we 
wanted to see what we might expect in crop production by analyzing the precipitation and temperature 
needs of the plant. By comparing the results of the same six climate scenarios and their reference period, 
we examined, whether the needs would be satisfied or not. We wanted to see what climate scenarios 
predict for the most important growing periods of winter barley. It is no doubt that the anomalies of the 
indicators have been becoming more and more frequent, though the future is very unpredictable.  
The precipitation requirement in sowing-emergence phenological phase will be fulfilled according to 
the results of almost all of the climate scenarios. The temperature requirement in the sowing-emergence 
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period, the experienced 11-15 °C will be fulfilled according to the results of almost all of the climate 
scenarios except two, which predict warmer circumstances. The distribution functions for average 
temperature of climate scenarios in this period of growing are given in Figure 3. 
  
Figure 3. The first order stochastic dominance criterion in sowing-emergence phase, for average 
temperature (left) and sum of precipitation (right) 
Winter crops are very sensitive to meteorological circumstances in the stem elongation - spikelet 
initiation period. The average temperature in this phenological phase used to be 13-15 °C in the past. The 
climate scenarios show great variability in the frequency of the extreme values, but future does not show 
significant change in the average (Figure 4.).  
  
Figure 4. The first order stochastic dominance criterion in stem elongation-spikelet initiation  
phase for average temperature (left) and sum of precipitation (right) 
The third period for which we made calculations is the anthesis-grain filling phenological phase 
(Figure 5.), when the plant develops its generative organs. The precipitation need of the crop is 55-120 
mm. In this period we can be quite satisfied with the forecasted values we got. The temperature need is 
18-20 °C; ith temperatures lower than 16 °C this period lasts longer than 45 days, with temperatures 
higher than 20 °C it can be shorter than 40 days. The scenarios do not show extreme temperatures too 
many times, so this period is in favour of the plant. 
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Figure 5. The first order stochastic dominance criterion in anthesis-grain filling phase for average 
temperature (left) and sum of precipitation (right) 
4. Conclusion 
The increase of the production risk proves the fact that the climate has already been changing. The 
application of regional climate models may be the basis of action plans of the response, prevention and 
adaptation strategies, in damage prevention of given regions. It is also important to investigate the quality 
parameters (Szalay D. et al, 2008). The more frequent the extreme weather events are, the more we can be 
convinced of uncertainty. Learning the possible changes and their effects based on comparative statistical 
analyses could be followed by crop modelling. It is also necessary to analyze more factors, their effects 
and their combined influence at the same time. Applying crop models (Fodor et al, 2002) we can do many 
virtual experiments on very low cost and in very short time. They are able to operate with meteorological 
parameters of climate scenarios, too. Designing simulations, virtual experiments are very useful in 
practical applications, because the model can be used to prepare agro-technological advisory systems for 
farmers (Ghaffari, 2002, Harnos, 2003). Risk caused by climate change should also be managed with 
coordinated adaptive strategies. Researches on impacts and adaptation possibilities have to support the 
decision makers in policy as well as in agriculture with information and plans (Láng, 2005).  
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